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TEE ESTIMATION OF THE RATE OF CHANGE OF YAVING
MOMENT WITE SIDESLIP

By Frederick E. Imlay

SUMMARY , e .

Wind-tunnel data are presented on the rate of change
of yawing moment with sideslip for tests of 9 complete
airplane models, 20 fuselage shapes, and 3 wing models
with various combinations of dlhedral, sweepback, and
twist. The dnta wore collected during & survey of exist-
ing information, which was made to find a reliable method
of compubting the yawing moment due to sidesliip. Impor-
tant errors common to methods of computation used at pPres—
ent appear to be due to large interference effects, the
investigation of which will undoubtedly regquire an exten-
sive program of systematic wind-tunnel tesgts. At present
it is necessary to place considerable relignce on past
design experience in proportioning an alrplane so as to
obtain a reasonable degree of directional stublllty. -

INTRODUCTION -

Theoretical studies of laternl stability (reference
1) have shown that the rate of change of vawing~moment
coefflcient wlth angle of sideslip an/dB, is one of the
more important factors influencing the lateral- stability
characteristics of an airplane. A%t present there exists
no dependable method of computing this factor from the di-
mengions of an airplane. Several methods of estimating
its approximate value are in use but they have proved to
be inacecurate when the results are comparéd with those
from wind-tunnel tests. In an attempt to devise & relia-
ble method of determining the value of the derivative for
an airplane in the course of design, a study has been
made of all available wind-tunnel data on the subject.

During the survey, the rosults of wind-tunnel tests
of 127 airplane models were analyzed. The models embraced
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a wide variety of designs, including such diverse types :

as racing seaplanes and troop and cargo carriers. In _ : —
splte of the large number of ftest results avalladle, no :
satisfactory method of estimating an/dB was developed - —
because the data offered little apportunity for the study
of interference effects. Indications. are that the inter-
ference effects between components of the airplane may
change the yawing moment for the combination by an amount
equal to the sum of the yawing moments obtained when the
components are tested sevarately. 4n extensive progranm
of correlated wind-tunnel tegts will probably be reguired
to permit the isolation and enalysls of these interfer-
ence effeoctsg. ' : '

In the absencgé of an accurate method of estimation,
certain of the more useful data collected during the study
are presented as an ald to the designer in judging the B
value of dGn/dB "for complete airplanes or component: .
parts. : : :

PRESENTATION OF DATA

Ag theoretical considerationg indicate that the value < _
of dC,/d@B should be ounly slightly dependent on the an-

gle of attack, the greator portiop of the test data pro-
gented is only for low angles of attack. Figure 1 has
beon includéd tc show the variation of dCp/dB with angle

of attack a, for eight complete.airplane models. From
the figure it can be scen that, although the wvarlation of-
d0,/dB with « 1is appreciable in the normal-flight range,

the magnitude of the cffect is not large. except at angles -
of ottack above the gtall. The yawing momentg were measg- -
ured about an axis normal to the relative wind., The data

of figure 1, and also the rest of the aerodynami¢ data

presented, were obtained from wind-tunnel tests made at .
Reynolds Numbers in the neighborhaeod of 200,000.

Table I presents yawing-moment data obtained from
wvind-tunnel tests of nine. airplane degigns (fig. 2). Two .
of the types were tested, wach with two tail arrangements, -
All the models were tegted both complete and with the em- .
pennage removed. The table gives the value of dC,/dB,

where P 1s measured in radians, for the complete models
and also the increment of dCy/dB contributed by the ver-

tical tail surfaces dCy,/dB, as determined from the dif- .
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fercnce botween' the results of the tegts of the complete
models and the tesgsts of the models without empennage. The
proportions of the modelsg listed in the table may bve de-
ternined from the glven wvalues of wing spen b, wing as-
pect ratio Db?/Sy, ratio of vertical tail area to wing

area St/SW, ratio of fueselage side area to wing area
Sf/sw' ratio of the digtance Detwesn the rudder hinge and
the alrplane center of gravity to wing spnn lt/b, ratio
of over—-all fuselagc length to wing span Lf/b, _aspect
ratio of vertical tail surfaces hy®/S;, ratio of over-~
all fuselage length to maximum depth of fuselage Lf/df,

and ratio of distance between the airplane center of grav-
ity ond the fuselage nose to over-all fuselage length
xl/lf. The height of the vertical tail surfaces hi,

used in the calculation of aspect ratio, does not include
the fuseloge.

The results of tests of a wide variety of fuselage
shapes (fig. 3) are given  in table II. The valuecs of the
rate of changoe of lateral-forcec coefficient with angle of
sideslip, de/dB, and of an/dB, given in table II,

are of ncecessity based on the side area and over~all
length of the fuselage rether than on wing area and span.
For 21l the fuselage shaves, the yawinp~moment data are

given about en axis located n distance 0.30 1, back of

the fuselege nose, On the basls of nverage airplanc pro-
portions, the coefficients used in this table are about
five times as largo as corresponding coefficients based on
wing area n~und span. The fact that all the fuselage shanes
tested, oxcept Hull No. 10, have unstable (negative) val-
ues of an/dB is prodicted by the theory of yawed stroam—

lined bodies (referonco 4). Hull No. 10 had considcrable
vertical fin area built in at the rear. (Sze fig. 3.)

' Tho datd obtained from wind-tunnel yaw tests of sove
eral types of airfoilg are given in tadle IIL. The vol-
ucs of dC,/dB 1listed are dased on a yawing-moment axis

passing through the quartor—~chord point at the conter sec—

tion of thd wing. For the tests of wing twist, fthe air-
foils had o uniform rate of twist n~long the semisnan guch

that the wing-~tip incidorco differs from the contor-secflon""

incidonce by ar amount dofincd as the nnzle of twist. “The
angle of twigt was such that tho wing tips had wwshout._
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Table IV shows the effect of deflecting flaps on the
value of an/dB for nine complete airplane modelg and

for one case of a wing alone. o . e
DISCUSSION

During the course of the survey of factors affecting
the value.of .dC,/dB, certain pertinent points were no

ticed. These points are presented in relation to the in-
crement of dC,/dB contributed by the vertical tail sur-

faces, dGnt/dB; the increment contributed by the fuse-
lage, anf/dB;v and the increment contributed by the wing
cellule, anw/dB. s '

Factors Affecting ant/dB

For all practical purposes, if the angle of—sideglip
B, 1is limited to small values, the value of dGnt/dB s

a4y, Sy by a0, | )

ag S, b ap

where Sy .is the area of the vortical tail surfaces, vy
1s the digtance from the rudder hinge to—the airplane cen-
ter of graevity, and Cct' is the cross-wind force coeffi~
clent fof the fail, based on Sy. Since 40, /dB is nal-

ogous to the rate of change of 1ift with angle of attack,
dGL/dm, for an airfoil, the problem of determining

ant/dB, becomes one of determining the slope of the 1lift

curve for the vertical tail surfaces. Data presented in
references 7 and 8 indicate that the value of dCct/dB

will not be affected by airfoil section for airfolls of
the symmetrical type normally used for tail surfaces.
Reference 9 indicates that the effect of taill upver con-
tour (corresponding to wing-tip shape) will be. small and

may be noglectsd for aspect ratios wsually encountered in

vertical tail surfaces.

The determination of the effactive aspect ratio of
the vertical tail surfaces is difficult, primarily because
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of the flow interference caused by other portions of the
airplane. The location, size, and shape of the horizontal
surfaces appear to have a marked influence on the magni-
tude of this interferencs effect. An analysis of the data
given in table I indicates that the most efficient arrange-
ment is the one in which the vertical surfaces are placed
as high as possible above ths horizorntal surfaces. Un-
doubtedly, the location of the vertical tail area below
the horizontal surfaces would be equally effective. The
voorest arrangement appears to be the one in which the
horizontal surfaces are located in a median position.

In addition to the change in effective aspect ratio
caused by interference effects, various parts of the alr-
Plane may also cause a reduction in dynamic pressure at
the vertical tail surfaces. Thess two interference ef-
fects are naturally difficult to separate, dbut together
they may change the effectiveness of the vertical tail
surfaces as much as 65 percent.

Factors Affecting dan/dB

Values of d0p,/dB are plotted against the ratio
lf/df in figure 4 for all the models listed in tablé IT
except Hull No. 10. Data for that model were omitted be-
cause of the unusually large side area at the rear of the
hull., The coefficient an of figure 4 is based on Sg
ahd Vee It is seen that, in general, the value of

/dB has a btendency to become less negative for larger

values of If/df. Although many other factors, such as

fugelage nose shape, windshieolds, ectc., undoubtedly have
an important effect on the value of ac, /dB, their in-

fluence could not be determincd from the data used in the
8tUdye )

Factors Affecting anw/dB

The effect of wing-tip plan form and elevation shape
on the valuc of 40, /dB has beoen .treated in reference 5.

Although the rasults published in rofe”enco 5 show that

rivetive with changes in wing~tlb plan form and elevatlon. ]
shape, the numerical change involved in comparison with
dC,/dB for a complote airplane is of minor importance.
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Reference 5 also indicates that, for zero dihgdral, aspect
ratio has no effect -on an‘/dB. : -
. . ¥

The effects of dfhedral, swespback, and twist on
/dB at laow angles of‘attack were determined from data

glven in table III The . pertlnent data for dihedral end
sweepback are plotted .in figure-5. Por both the rectangu— :
lar and the Army tips, the effect, ofdihedral is approxi-

mated by . '

| | 37 zat) = = 0.00079

where I' 'is the dihedral angle in degrees and B is the -
angle of . 91deslip in radians. Additional data given in

reference 5 show that this relationship -should vary slight-

ly with 1ift coefficient, as is predicted by theory For

sweepback with rectangular tivs _ . ’ =
5 405 N\ - -
== | —=) = . 111
51 (~gp%) = 0-00 .
where A ig the angle of sweepback in degrees. The in- .
crements of dGnW/dB due to dihedral or sweepback are to -

be added algebraically to the value of 40, /dB for the
w

wing with no dihedral or sweepbhack. The test data indiu'_ e
cate that wing twist has a negligible effect on anw/dB-

. 3 an .
Theory indicates that the value of YN —EE— is de~

pendent on the 1ift coefficient+—  In ad&ition,ithe effect
of sweenback may be consideradbly different for other fhan
rectangular tips. Values of dCY/dB are given for the . _
airfoilg ligted in tadle III to permit the caleulation of

aC,/dB about an axis other than through the guarter- ~chord

point of the center section, if so desired.

Ingufficient data are available to study the ceffect
of other factors of probable importance in determining the
value of n /3B, such as wing section, biplane arrange-

ments, etc, Also, no conclusiong can be drawn as to tho L -
influence of one factor con the effpct of another, Gompar— x

igon of test results ziven in table III for one wing with
combined dihedral, sweepback, and twist with data for the
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same wing without dihedral, swsepback, or twist 1ndicates o
that the effects are not additive. ) B —

The effect of the interference between the wing and
fuselage ic another factor that cannot be determined from
the data availabdle at present. Unpublished regults of
wind-tunncl tests made by the N.A.C.A. of a flying-boat
model, for the wing and hull separately and in combination,
indicate that this effect may oqual the summation of the
moments.of the wing and of tae fuselage tested geparately.

Effect of Flaps

Study of the data listed in table IV gives conflict-
ing indications but, in general, déflecting the flaps in-
creases the value of an/dB, It should be noted that,

when flaps are deflected, they not only affect the valuo
of d4C,/ap through their effoct on the wing and the in-

terferonce between the wing and the fuselago, etc., dbut
may olso increase the blanketing of the vertical tail sur-~
faces to & conslderabls extent. For this recason, the ef-
fect of fleps is likely to bo extromely’ vgriable ?or dif-. Lo
ferent designs. _ [

e e— e

Langley Memorial. Aeronautical Laboratory, ) : -
Hational Advisory Committoe for Acronsutics, )
Langley Field, Va., Janunry 6, 1938,



N.A.C.A. Technical Note No. 636
REFERENCES -

Zimmerman, Charles H.: An Anglysis of Lateral Stability
in Power—Off Fllght wlith Charts for use in Design.
TeRa No. 589, N.A.C.A., 1937. :

Perring, W. G, A., and Callen, C.: Wind Tunnel Tests
on a Model Gloster Troop Carrisr. With and Without
Slipstream. R. & M. No, 1818, Btitish A.R.C,, 1934.

Roumiantzeva, E.,: Wind Tunnel Tests with Aeroplane
Fugelages and Flying Boat Hulls. Report No, 190,
Trang. Central Aero-Hydro. Inst. (Moscow), 1935+

Munk, Max M.: Fundamentals of Flulid Dynamics for Air-
craft Dosigners. The .Ronald Press Co., 1929.

Shortal, Joséph A.: Effect of T1p Shape and Dihedral
on Lateral Stability Ohurﬂcterlstlcs. T.R. KNo.
548, NeA.C.A., 1935, - :

Blenk, Horman: thtingen Six-Component Measurementsg
on Wings with Dihedral, Swecvback, and Warp.
A.C.T.R., Translation No. 250, Materiel Div., Army
Air Corps, 1929. : I

Jacobs, Eastman N., Ward, Kenneth E., and Pinkerton,
Robert M.: The Characteristics of 78 Reldted Air-
foll Sectionsg from Tests in the Variable-Density
Wind Tunnel. T.R, No. 480, N.A.C.A., 1933.

Jacbbs, Eastman N,.,, and Anderson, Raymond F.: Large-
Scale Aorodynamic Charpactoristics of Alirfoils as
Tegted in the Variable—Densgity Wind Tunnel. TeR,
Ho, 352, W.A,C.A., 1930, '

Zimmerman, C., He.: Charactcrigtics of Clark Y Airfoils
of Small Aspect Ratiocs. T.R. No. 431, N.A,C.A.,
1932, ’ ' '



TABLE I. Velues of

dc
E—ﬂg for Complete Airplanes and for Vertical Tail Surfaces

vosol | osinee | ® |02 | St St jW il f B® |t |x (36 |
| (deg.) |(£t.) Sw Sy Sw b b Bt as T a8 ap

A 1.00 }2.625 }3.225 |0.0640 |0,301 |0.493 |0.B06} 1,305 | 4.59 |0.301 ]0,0530 ]0.0664
B ~-.75 [2.875 15.719 .1385 . 652 .564 | .905] 1.589 [5.40 2377 1 1310 | L0929
C .75 |2.011 |3.442 | .0451 | .223 | .486 | .698| 1.753 | 5.82 255 t .0229 | .0391
D 1.00 {2,126 {3.790 | .0B47 | .211 | .431 | .622} 1,496 |5.17 | .278 | .OR39 | .0447
E 1.00 {2,125 |3.790 | .0646 | 212 | .438 | .631| 1.402 | 5,24 | .274 | .0220 | .0428
¥ 1,00 [2.125 [3.780 | .0679 211 428 5220 1.602 | 5.17 278 0430 .0646
G .00 |3.562 | 7.998 | ,0825 . 429 364 | L8621 1,373 |15.71 253 | L0896 | .0556
H -.50 | 2.438 | 5.895 0876 378 | .435 .687( 1.118 | 5.44 296 | 0480 .0678
I ~<2.00 [2.2B0 |3.377 | 0513 328 | .49 .697] 1.660 | 4,03 | .294 | .0322 .0509
J 1.75 {2.562 | 4,132 | .0776 | .338 | .473 | .646( 2.174 | 4.25 | 279 |-.0046 | 0525
X 1.75 | 2.562 | 4,182 | ,1040 | .343 | .488 | .660) 1.876.14.,34 | .27 [ .0079 | .0650
L 2.80 |[3.917 .3.514_ 071 | .196 | .455 | .854|%2.472 | 9.56 | .374 | .0590 | .0649

1.J!Lll data from tests at Washington Navy Yard except model I, for which the data were taken

from reference 2.
%gased on one fin and rudder.
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TABLE II
Values of d0,/dB for Fuselages
(ALl data were obtained at zero angle of attack. Note that
the coefficients Oy and C, eare based on Sy and ~~  ~ 7
lf instead of on S, and b.)
o £ 't 4% 2%
Model (sq.ft.) | (ft.) | &g ag as
From Waoshington
Navy Yerd tests:
MK-13 0.413 1.958 | 5.88 |-0.308 |=0.129
MK-14 .416 1.862 | 5.57 ~.204 ~,.134
ME-15 416 1,932 { 5,79 -.301 -,133
MK~15A . 326 1,694 | 6.23 -. 300 ~,083
ME-16 429 1,957 | 5.97 ~.076 ~.175
MK-17 ~ 413 1.759 | 6.07 ~.159 ~,125
¥K-18 425 1.834 | 6.32 ~e179 -,131
MK-19 409 1.849 | 5.62 -.,153 —~4a151
MEK-20 .282 1.513 | 5.87 -.083 -,139
MK-21 « 318 1.590 | 5.44 -.171 -.132
HX-22 v 453 1.908 | 5.93 -.130 ~-.162
ME-23 .446 1.792 | 5.56 ~.115 -,173
ME~24 .532 1.6870 | 5.92 -.109 -,114
From referenge 3&:
Fuselage No, 1 1,219 2.995 | 6.33 -.176 ~.137
Fuselage No, 2 v 1,468 3,37% | 5,61 | -,160 | —,116
Fuselage No, 3 1,182 3,197 | 6.85 —-e157 -.100
Fuselage No, 4 1,268 3,281 | 6.66 -.452 -,058
Fugelage No. B 1,193 2,544 | 7.70 -,278 -.108
Fugselasge Ho. 6 1,300 2.953 | 4,94 -.,560 -,188
Hull Ho. 7 .832 2.625 | 5,93 —. 244 ~,086
Hull ¥No, 8 .781 2.953 | 7.79 ~.253 ~.105
Hull Ho. 9 474 2.205 | 8.72 ~,292 -,078
Hull TWo. 10 .783 2.748 1 7.61 -+530 .170
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TABLE III
d—Gn - 3
Values of iE for Alrf01ls
Angle |Dihe~ |Sweep— |Angle
: of dral back of
Wing shape attack|{ongle |angle |[twist dCpn dCy
o r A dp ag
(deg.)|(deg. ) ! (deg.) |{(deg.)
Rectangular plan
form and tip; 0 0. 0 0 0.0046 +0.020
0.93 2 dihedral;
Clark™T section; || © 5,0 0 0 .0000 |=~.049
aspect ratio 6
(from referonce 5) 0 10.0 0 0 .0000 |~-.120
0 0. Q 0 .0048 { ~.020
0 2.0 0 0 .0017 {~-.,020
Do,
but with Army tip ¢ 0 5,0 0 0 ~,0046 | -,049
0 10,0 0 0 -.0014 | -,092
1,8 3,0 0 0 .0064 | -=.0590
Rectangular »plan
form and tipg 1.8 6.0 0] 0 .0053 | -.0728
b .
1,00 5 dihedral;
Y2 eaxa 4,2 0 15.0 0 .0265 | -.0573
Gottingen 387 $
section; aspect 4,2 0 30,0 0 « 0436 | -.0665
ratio 5 _
(from reference 6) 4,2 0 0 3.0 | .0101 | -,0482
4.3 0 0. 5,7 .0109 | -,0499
4.5 Zco 30.0 5.0 -0328 ".0797




NiA.C.A, Technical Note No., 638

TABLE IV

12

C
Effect of Flaps on 8%a for Complete Airplane

ap
Angle of attack a0y
Model (deg.) ap
Flaps up Flaps.down Flaps up Flaps down
1 9,9 10,3 0,0433 0.08622
2 11,8 12,2 . 0335 0312
3 13,5 13.6 «0972 .0923
4 9,9 10,0 .0816 .1126
5 11,1 12,2 «0579 .0539
6 10,9 9,3 .0685 .1011
7 10,9 11,53 .0149 .0550
8 9,5 8,0 .0257% L0492
9 8.0 8.0 « 0026 +0063
9 10.0 8.0 .00886 .00456
(VTing only)
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Model G R

Model D Model J

Model F Model L

Figure 2.- Side elevations of models listed in table I.
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